We have examined the sooting behavior of spherical microgravity diffusion flames burning
For the present flames, structure (Zst) was found to have a profound effect on soot production. Soot-free conditions were observed at high Z_t (Z_t = 0.78) and sooting conditions were observed at low Z_t (Z_t = 0.064) regardless of the direction of convection.
Convection direction was found to have a lesser impact on soot inception, with formation being suppressed when convection at the flame sheet was directed towards the oxidizer.
Introduction
The unique properties of spherical diffusion flames have attracted much attention. Their structure has been considered theoretically by Buckmaster and Ludford [1], Williams [2] and Mills and Matalon [3] . Observations of these flames typically have involved droplet combustion in microgravity [4] [5] [6] , although flames supported by porous spheres in microgravity [7, 8] and in normal gravity [9] have been considered as well.
Since spherical diffusion flames are onedimensional and strain-free they hold great utility for studies of soot formation.
Recent experimental, numerical and analytical work has shown that stoichiometric mixture fraction [2] can have a profound effect on soot formation in diffusion flames [10] [11] [12] [13] [14] [15] [16] • This effect appears even at constant adiabatic flame temperature (Tad), as demonstrated by Du and Axelbaum [10, 11] . For example, a fuel mixture containing 1 mole of ethylene and 11.28 moles of nitrogen burning in pure oxygen (Zst = 0.78) has the same adiabatic flame temperature (2370 K) as that of pure ethylene burning in air (Z_t = 0.064). An important finding was that at sufficiently high Z_t,
flames remain blue when the strain rate approaches zero in counterflow flames, or as flame height and residence time approach infinity in coflowing flames. Lin and Faeth [13] coined the term permanently blue to describe such flames.
Two theories have been proposed to explain the appearance of permanently-blue flames at high
Zst.
They are based on (1) hydrodynamics [13] [14] [15] [16] and (2) flame structure [10, 12] . Additionally, flame size was varied to ensure the results were not affei_ted by heat loss to the burner. Fig. 3a shows a flame of ethylene burning in air. This flame has a yellow interior surrounded by a well-defined blue sheet. Fig. 3b involves diluted ethylene issuing into ambient oxygen, which yields a bright blue flame. Fig. 3c shows a flame of air issuing into ethylene, which is yellow and brighter than the others.
Finally, Fig. 3d The images reveal that the sootiest flame is obtained for air injecting into ethylene (Fig. 3c ). This is expected since both flame structure (small Zst) and convection direction (towards fuel) promote soot formation. Conversely, one would expect the least sooty flame to be that of Fig. 3b The temporal variation of luminous flame diameter for the four flames of Fig. 3 is shown in Fig.   4 . Diameters were determined by averaging the longest chord through a flame and its perpendicular chord. Time is defined to be zero upon ignition. As Fig. 4 shows, upon ignition a premixed deflagration propagatesoutward quickly and then the flame contracts into nonpremixedconditions From about200-400ms after ignition until drop termination,the flames grow monotonically but do not reachsteadydiameters;this transient behavior is especially evident where nitrogen is supplied in the ambientgas. Microgravity tests in gas-jet flames indicate that althoughquasi-steady flame shapesappearwithin a few seconds [20, 21] , steady sooting behavior requires test times exceeding those of ground-basedfacilities [21] .
Furthermore,in the presentbrief tests,thermophoresis may trap within the flames somesoot formed duringignition. Longermicrogravitytesttimesarerequired,andarebeingpursued. 
Conclusions

